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ABSTRACT
A new and eﬃcient method for the homologation of urethane pro-
tected a-amino acids to its b-homomers by the Arndt-Eistert method
using TBTU as a coupling agent is described. Several Fmoc-/Boc-/
Z-protected a-amino diazoketone derivatives have been obtained as
crystalline solids in good yield. The method is found to be rapid and
stereospeciﬁc.
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The oligomers of b-amino acids (b-peptides) fold into well deﬁned
secondary structures like helices, pleated sheets, turns, etc. that are
analogous to the well studied secondary structures of a-peptides and a-
proteins.[1] The b-amino acids can be synthesized by homologation of
a-amino acids in a two step protocol by the Arndt–Eistert approach
and by several other routes.[2,3] The large array of methodologies
available for the synthesis of a-amino acids as well as the commercial
availability of enantiomerically pure compounds in both the forms make
them ideal candidates as the starting materials in the synthesis of b-amino
acids. The Arndt–Eistert homologation involves the formation of a
diazoketone and subsequent loss of nitrogen and the Wolﬀ rearrange-
ment[4] accomplished thermally, photochemically, by silver ion catalysis
or by using ultrasound.[5]
The synthesis of a-amino protected acyldiazomethanes involves the
activation of the carboxyl group of Fmoc-/Boc-/Z-a-amino acids fol-
lowed by acylation of diazomethane. The acid chloride,[6] active ester[7]
and the mixed anhydride methods[8] have been employed for the activa-
tion. The acid chloride method is not applicable for some protecting
groups because of the acid lability or oxazolone formation. The mixed
anhydride method, though routinely used, is reported to result in lower
yields in the case of Fmoc protected derivatives. Activation with dicyclo-
hexylcarbodiimide was tried but with limited success.[9] Further, the
removal of the urea may cause problems. The onium salt based on
HOBt and tetramethylurea, 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyl-
uronium tetraﬂuoroborate (TBTU)[10] has been widely used as a peptide
coupling reagent. Recent examples of its utility include the synthesis of
endothelial Interleukin-8-[Ala-I18]77 on solid-phase using Boc/Bzl protec-
tion,[11] fragments 74–81, 82–99 and 90–99 from HIV 1-protease using
Fmoc protection on Tentagel resin,[12] dynorphin A analogues with
lactam rings,[13] cyclotheonamide B,[14] etc. Its utility for the peptidyl
cyclization[15] as well as for the amide bond formation[16] is also well
documented. In continuation of our studies on the development of new
methodologies for the preparation of N-protected b-amino acids, TBTU
has been used for the activation of carboxylic group (Sch. 1).
The acylation of diazomethane can be achieved by using a
mixture of Fmoc-/Boc-/Z-a-amino acid, TBTU, and N-ethyldiisopropyl-
amine (DIEA) in tetrahydrofuran (THF) and dimethylformamide
(DMF) mixture. Diazomethane, generated using diazald (N-methyl
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N-nitroso-p-toluene sulfonamide), was passed into THF (0.6M) and was
added to the mixture of N-protected a-amino acid, TBTU, DIEA in THF
and DMF mixture at 0C. The reaction, as monitored by TLC and IR
(by the presence of characteristic stretching vibrational frequency
of –COCHN2 group at 2100 cm1), was complete in about 20min.
All the compounds 2a–l were isolated as crystalline solids in good
yield. Their purity, as determined by HPLC analysis was good.
They (2a–l) were characterized by IR and 1HNMR. None of
these data indicated the presence of the C-methyl esters of the starting
compound. The compounds 2a–l were converted to the corresponding
b-amino acids 3a–l using Wolﬀ rearrangement employing silver
benzoate and have been isolated as crystalline solids in good yield.
The comparison of the determined speciﬁc rotations of D and
L-isomers of Fmoc-Phe-DAM and Fmoc-b-HPhe revealed that the
acylation of diazomethane, under the employed conditions, is free from
racemization.
Scheme 1.
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EXPERIMENTAL
Melting points were determined by the capillary method and are
uncorrected. IR spectra were recorded on a Nicolet model impact
400D FT-IR spectrometer (KBr pellets, 3 cm1 resolution). Speciﬁc rota-
tions were recorded on a Rudolf Research Autopol IV automatic polari-
meter. 1H spectra were recorded on a Bruker AMX 400MHz
spectrometer. Elemental analyses were recorded using a Perkin Elmer
Analyzer and the samples were dried under vacuum before analysis.
The TLC analysis was carried out on precoated silica-gel plates using
solvent systems (A) ethyl acetate:petroleum ether (35:65 v/v) and
(B) chloroform:methanol:acetic acid (40:2:1 v/v) and Rf values are desig-
nated as RfA and RfB respectively. All solvents were freshly distilled
prior to use. The diazomethane solution in dry tetrahydrofuran (THF)
was prepared from diazald using the standard procedure.[17–19]
General Procedure for the Preparation of
N-Protected a-Aminodiazomethane
N-protected a-amino acid 1 (1mmol) was taken in dry THF (5mL),
cooled to 0C and heated with DIEA (1mmol) followed by the solution
of TBTU (1mmol) in DMF (2.5mL). The reaction mixture was stirred
for 10min and treated with a saturated solution of CH2N2 in dry THF
(20mL). After completion of reaction, the reaction mixture was diluted
by adding dichloromethane (DCM, 50mL) and washed with 5% HCl
(2 20mL, for Fmoc-protected derivatives), 5% citric acid (2 25mL,
for Boc- and Z-protected derivatives), 5% sodium carbonate (2 25mL),
water (2 50mL), and brine (1 20mL) and dried over anhydrous
sodium sulphate. The solvent was evaporated under reduced pressure.
The resulting residue was recrystallized using DCM and n-hexane to
yield the title compounds 2.
Fmoc-Val-DAM (2a). Yield: 94%. M.p. 124–126C. RfA. 0.68, RfB.
0.82. ½a25D 23 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2121. 1HNMR
(, CDCl3): 0.85–1.0 (6H, d), 2.15 (1H, m), 4.1 (1H, m), 4.3 (1H, m), 4.45
(2H, m), 5.35 (1H, s), 5.50 (1H, d), 7.3–7.85 (8H, m). Anal. calcd. for
C21H21N3O3:C, 69.40; H, 5.82; N, 11.56. Found: C, 69.29; H, 5.76;
N, 11.48.
Fmoc-Ile-DAM (2b). Yield: 93% M.p. 143–144C. RfA. 0.75, RfB.
0.83. ½a25D 46.2 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2119. 1HNMR
(, CDCl3): 0.95 (6H, m), 1.45 (2H, m), 1.75 (1H, m), 4.2 (2H, m), 4.45
(2H, m), 5.35 (1H, s), 5.55 (1H, d), 7.3–7.85 (8H, m). Anal. calcd. for
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C22H23N3O3: C, 70.0; H, 6.14; N, 11.13. Found: C, 69.89; H, 6.02;
N, 11.03.
Fmoc-Phe-DAM (2c). Yield: 94%. M.p. 132–134C. RfA. 0.61, RfB.
0.79. ½a25D 16.4 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2110. 1HNMR
(, CDCl3): 2.9 (2H, d), 4.1–4.4 (4H, m), 5.1 (1H, s), 5.4 (1H, d), 7.1–7.8
(13H, m). Anal. calcd. for C25H21N3O3: C, 72.98; H, 5.14 ; N, 10.21.
Found: C, 72.83; H, 5.01; N, 10.13.
Fmoc-D-Phe-DAM (2d). Yield: 91%. M.p. 133–134C. RfA. 0.61,
RfB. 0.79. ½a25D þ16.5 (c¼ 1, CHCl3). IR max (KBr disk)/cm1: 2109.
1HNMR (, CDCl3): 2.9 (2H, d), 4.12–4.5 (4H, m), 5.1 (1H, s), 5.45 (1H,
d), 7.1–7.8 (13H, m). Anal. calcd. for C25H21N3O3: C, 72.98; H, 5.14; N,
10.21. Found: C, 72.88; H, 5.01; N, 10.09.
Fmoc-Asp(OtBu)-DAM (2e). Yield: 88%. M.p. 71–72C. RfA. 0.79,
RfB. 0.84. ½a25D 26.3 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2113.
1HNMR (, CDCl3): 1.35 (9H, s), 2.4 (2H, m), 4.25 (2H, d), 4.45 (2H, m),
5.45 (1H, s), 5.6 (1H, s), 7.3–7.75 (8H, m). Anal. calcd. for C24H25N3O5:
C, 66.19; H, 5.78; N, 9.65. Found: C, 66.11; H, 5.65; N, 9.58.
Fmoc-Glu(OtBu)-DAM (2f). Yield: 86%. M.p. 138–139C. RfA. 0.79,
RfB. 0.86. ½a25D 25.4 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2116.
1HNMR (, CDCl3): 1.45 (9H, s), 1.75 (1H, m), 2.15 (1H, m), 2.4 (2H,
m), 4.15 (2H, d), 4.35 (1H, m), 4.5 (1H, m), 5.5 (1H, s), 5.65 (1H, s),
7.3–7.8 (8H, m). Anal. calcd. for C25H27N3O5: C, 66.80; H, 6.05; N, 9.35.
Found: C, 66.69; H, 5.89; N, 9.21.
Fmoc-Lys(Boc)-DAM (2g). Yield: 90%. M.p. 115–116C. RfA. 0.55,
RfB. 0.70. ½a25D 21.3 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2110.
1HNMR (, CDCl3): 1.45 (9H, s), 2.25 (8H, m), 4.05 (2H, m), 4.2 (2H, d),
5.25 (1H, s), 5.6 (1H, br), 5.9 (1H, br), 7.3–7.8 (8H, m). Anal. calcd. for
C27H32N4O5: C, 65.83; H, 6.54; N, 11.37. Found: C, 65.75; H, 6.44; N,
11.33.
Boc-Ala-DAM (2h). Yield: 94%. M.p. 81–83C. RfA. 0.71, RfB.
0.82. ½a25D 21.1 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2106.
1HNMR (, CDCl3): 1.05 (3H, d), 1.3 (9H, s), 4.2 (1H, m), 5.2 (1H, s),
5.5 (1H, br). Anal. calcd. for C9H15N3O3: C, 50.69; H, 7.09; N, 19.70.
Found: C, 50.58; H, 6.97; N, 19.61.
Boc-Val-DAM (2i). Yield: 91%. M.p. 63–64C. RfA. 0.73, RfB. 0.84.
½a25D 30.4 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2108. 1HNMR (,
CDCl3): 0.95 (6H, d), 1.36 (9H, s), 1.76 (1H, m), 4.23 (1H, br), 5.3 (1H, s).
5.42 (1H, br). Anal. calcd. for C11H19N3O3: C, 54.75; H, 7.93; N, 17.41.
Found: C, 54.64; H, 7.81; N, 17.32.
Boc-Phe-DAM (2j). Yield: 92%. M.p. 84–86C. RfA. 0.71, RfB. 0.84.
½a25D 43.3 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2111. 1HNMR (,
CDCl3): 1.33 (9H, s), 2.9 (2H, d), 4.2 (1H, m), 5.25 (1H, s), 5.45 (1H, br),
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7.3 (5H, s); Anal. calcd. for C15H19N3O3: C, 62.27; H, 6.62 ; N, 14.52.
Found: C, 62.16; H, 6.49; N, 14.43.
Z-Ala-DAM (2k). Yield: 92%. M.p. 91–92C. RfA. 0.69, RfB. 0.80.
½a25D 50.0 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2113. 1HNMR (,
CDCl3): 1.25 (3H, d), 4.2 (1H, m), 5.15 (2H, s), 5.3 (1H, s), 5.52 (1H, br),
7.3 (5H, br). Anal. calcd. for C12H13N3O3: C, 58.29; H, 5.30; N, 16.99.
Found: C, 58.18; H, 5.18; N, 16.88.
Z-Phe-DAM (2). Yield: 89%. M.p. 104–105C. RfA. 0.65, RfB. 0.82.
½a25D 42 (c¼ 1, CHCl3). IR max (KBr disc)/cm1: 2112. 1HNMR (,
CDCl3): 2.9 (2H, d), 4.45 (1H, m), 5.1 (2H, s), 5.25 (1H, s), 5.4 (1H, br),
7.2–7.3 (10H, m). Anal. calcd. for C18H17N3O3: C, 66.86; H, 5.29; N,
12.99. Found: C, 66.75; H, 5.17; N, 12.84.
General Procedure for the Preparation of
Fmoc-/Boc-/Z-b-Amino Acids
A solution of 2a–l (1–mmol) in 1, 4-dioxane (10mL) and water
(5mL) was treated with silver benzoate (0.02mmol). It was reﬂuxed at
70C for 5 h and then ﬁltered. The solvent was evaporated under reduced
pressure. The residue was dissolved in aqueous sodium carbonate (10%,
20mL) and washed with diethyl ether (2 30mL). The aqueous layer was
acidiﬁed to pH2–3 (using 2N HCl for Fmoc-b-amino acids and 5% citric
acid for Boc-/Z-b-amino acids) and extracted with ethyl acetate
(3 25mL). The combined organic layer was washed with water and
dried over anhydrous sodium sulphate and evaporated. The residue
was recrystallized using ethyl acetate and n-hexane to give the corre-
sponding b-amino acids in good yield. The physical constants as well
as spectral data of a few representative b-amino acids 3a, 3c, 3h and 3l
has been given.
Fmoc-b-HVal-OH (3a). Yield: 92%. M.p. 153–154C. ½a25D 36.2
(c¼ 1, CHCl3). 1HNMR (, CDCl3): 0.94 (6H, d), 1.9 (1H, m), 2.47
(2H, d), 3.85 (1H, m), 4.17–4.33 (3H, m), 6.43 (1H, br), 7.27–7.8 (8H,
m). Anal. calcd. for C21H23NO4: C, 71.37; H, 6.56; N, 3.96. Found: C,
71.26; H, 6.41; N, 3.87.
Fmoc-b-HPhe-OH (3c). Yield: 93%. M.p. 110–112C. ½a25D 26
(c¼ 1, CHCl3). 1HNMR (, CDCl3): 2.55 (2H, m), 2.9 (2H, d),
4.14–4.31 (4H, m), 6.52 (1H, br), 7.16–7.85 (13H, m). Anal. calcd. for
C25H23NO4: C, 74.13; H, 5.77; N, 3.49. Found: C, 74.04; H, 5.61; N, 3.42.
Boc-b-HAla-OH (3h). Yield: 91%. M.p. 97–98C. ½a25D 18.0 (c¼ 1,
CHCl3).
1HNMR (, CDCl3): 1.1 (3H, d), 1.35 (9H, s), 2.4 (2H, d),
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4.1 (1H, m), 5.6 (1H, br). Anal. calcd. for C9H17NO4: C, 53.19; H, 8.43;
N, 6.89. Found: C, 53.08; H, 8.37; N, 6.81.
Z-b-HPhe-OH (3l). Yield: 87%. M.p. 85–87C. ½a25D 36.0 (c¼ 1,
CHCl3).
1HNMR (, CDCl3): 2.35 (2H, d), 2.65 (2H, d), 4.20 (1H, m),
5.05 (2H, s), 5.3 (1H, br), 7.25–7.4 (10H, m). Anal. calcd. for C18H19NO4:
C, 68.99; H, 6.11; N, 4.47. Found: C, 68.85; H, 6.07; N, 4.35.
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